In order to address serious concerns over public health, water scarcity and groundwater pollution in Jordan, the expansion of decentralized wastewater treatment and reuse (DWWT&R) systems to small communities is one of the goals defined by the Jordan government in the "Water Strategy 2009-2022". This paper evaluates the general potential of decentralized wastewater system solutions to be applied in a selected area of the Lower Jordan Rift Valley in Jordan. For the study area, the connection degree to sewer systems was calculated as 67% (5% in the rural sector and 75% in the urban sector). The annual wastewater production available for DWWT&R in the rural sector of the investigation area was calculated to be nearly 3.8 million m 3 at the end of 2007.
INTRODUCTION
Jordan has one of the lowest per capita water availabilities worldwide (,200 m 3 capita 21 year 21 ). In the year 2005, the country's total water demand was in the range of 1,560 £ 10 6 m 3 year 21 , of which 461 £ 10 6 m 3 year 21 were supplied from non-renewable water resources, such as fossil groundwater resources. It is expected that the Jordanian demand will reach 1,686 £ 10 6 m 3 year 21 by the year 2020, from which only 792 £ 10 6 m 3 year 21 can be covered by renewable resources (MWI & GTZ 2004) .
In the long run, the main means of providing the additional water necessary to satisfy this increasing demand will be made through the importation or creation of new doi: 10.2166/ws.2010.234 water resources, e.g. through the desalinization of brackish groundwater resources (Gikas & Tchobanoglous 2009a; Rosenberg & Lund 2009 ).
This has to go along with the development of technologies and management options for a more effective and sustainable use of existing water resources, such as the treatment and reuse of wastewater. Therefore, in Jordan, treated wastewater is considered as a valuable water resource for irrigation and currently the Jordanian Government has imposed that all new wastewater treatment projects must include feasibility and design aspects for treated wastewater reuse (MWI 2009 ). In the Jordan National Water Master Plan, it is planned that the amount of treated wastewater for reuse will be increased from 34 £ 10 6 m 3 year 21 in 2005 to 101 £ 10 6 m 3 year 21 in 2020.
This accounts for nearly 15% of the total renewable water resources available (MWI & GTZ 2004) .
Many experts share the traditional viewpoint that centralized wastewater treatment and reuse systems provide the best technical and cheapest solution to overcome these problems as they are most reliable and easiest to operate, maintain and monitoring. However, the introduction of centralized wastewater technologies is often impeded by several factors. In fast growing conurbations, urban planning over several decades is almost impossible, meaning that investments in a centralized sewage disposal infrastructure will involve large uncertainties (Tjandraatmadja et al. 2005; Gikas & Tchobanoglous 2009b) . In remote rural areas with a low population density, the implementation of centralized wastewater treatment facilities is difficult due to high investment costs for development and infrastructure but also deficient management and operation schemes often hinder a successful implementation. These problems might be overcome by implementing decentralized wastewater treatment facilities that have shorter depreciation times and often lower investment costs because a costly sewerage network is often not or only partly necessary (Werner et al. 2005; Maurer et al. 2005; Engin & Demir 2006) .
Decentralized systems also have the advantage that they are highly flexible and can easily be adapted to changing conditions and demands in both conurbations and rural areas (Orth 2007; Kamal et al. 2008) . For successful decentralized wastewater treatment systems, centralized management is proposed to ensure a regularly inspection and maintenance. This management should also consider site specific accounting for social, cultural, environmental and economic conditions in the target area (Bakir 2001; Massoud et al. 2009; Al-Omari et al. 2009 These implementation aims should be specified by a Wastewater Master Plan that shall establish targets for providing collection and treatment systems throughout the country and to prioritize situations and locations.
Such guiding Wastewater Master Plan should include investigations on the most suitable financing and operation systems, treatment technology, wastewater collection and reuse/discharge systems. But before starting defining these parameters, a first chapter of the master plan will be the quantification of the general potential of DWWT&R systems in the region and the selection of areas where the implementation is most useful. This allows generating an overview of the amount of wastewater to be treated and reused and also deducing a first estimation of future investments in decentralized wastewater infrastructure.
Therefore, the objective of this publication is to generate the first key parameters that characterize the general potential of a decentralized wastewater sector in the selected area in the Jordan part of the Lower Jordan Rift
Valley. Based upon recent literature findings, assumptions of a few data were made and also estimated (or generated) due to non-availability of contemporary data on certain parameters that have been used in this paper in particular.
Overview of the study area
There are three neighbouring countries that share the For this extrapolation, the population growth for the rural and urban level was defined to be uniform. This assumption is based on real data of the Population Census of 1994 and 2004 that was provided by the Jordanian Department of Statistics. An analysis of these data showed that in the investigation area the mean population growth rate during this time period was 3.1% for both the rural and the urban sector. The finding that the population growth in recent years is fairly uniform across Jordan is supported by CDM (2005) . They observed that the ruralto-city migration is nearing its end, which is attributed to improvements in the road network, so that more people are staying in small towns and commuting to work in the urban centres (CDM 2005) . We assumed that these data on national level also reflect the same growth rate in the urban and rural sectors in the investigation area. We decided to take the higher value (2.5% instead of 2.3%) because recent findings indicate that Jordan's annual population growth rate is increasing slightly (Pottera et al. 2009 ), which can be attributed to forced migration as a result of the current crises in the region.
Each settlement with 5,000 or more population was considered as "urban" and the remaining localities as For the rural sector, two recent studies indicate a very low water consumption of 28 and 20 Lpcd (Ghunmi et al. 2008; Halalsheh et al. 2008) .
Since both studies have been conducted in the investigation area, we defined the daily wastewater generation in urban regions of the investigation area as 65.8 Lpcd, which is the mean value of the before mentioned data on water consumption multiplied by the return factor. In the same way, the daily wastewater generation was calculated for the rural areas as 19.8 Lpcd.
The combined BOD 5 load in the rural and urban sector of the investigation area have been calculated by taking a mean BOD 5 load of 67 g capita 21 d 21 into account. This load represents the official mean value for total Jordan, which has been indicated in the national water master plan of Jordan (MWI & GTZ 2004) . Recent data on the BOD 5 load for the rural and urban sectors in Jordan could not be obtained either from the responsible ministry or from recent publications. Therefore, a BOD 5 load of 25 g capita 21 d 21 was considered for the rural sector according to findings rural regions in South-East-Asian Countries (World Bank 2003; De 2006) . Taking both numbers into account, an urban BOD 5 load of 73 g capita 21 d 21 was calculated as the difference between the daily BOD 5 load of the total investigation area (314.8 t d 21 ) and the daily BOD 5 load of the rural sector (14.8 t d 21 ) divided by the population of the urban sector of the investigation area.
It is important to clarify that the selected study area was defined by the hydrogeological criteria, not by the administrative districts. The investigation area stretches over 8 governorates. From those, Irbid, Ajloun, and Jarash were considered to lie completely within the investigation zone.
The demographic data for Balqa Mafraq, Zarqa, Amman and Madaba did not lie in the investigation area and hence they were excluded.
Population analysis
The population in the investigation area was calculated as The mean population was calculated as 1,111 inhabitants per village (Table 1) .
The urban population was defined as total inhabitants minus the rural population (see Table 1 ) and was calculated as 4.15 million in 2007. The identified 105 
RESULTS AND DISCUSSION
Population density
In the current study, the population density distribution of the investigation area was calculated on the basis of the available population data of the settlements. Since the areas of the communities were not available, the method of Thiessen proximal polygons was used to determine the population density in the investigation area. The centre of each polygon thereby represents one settlement and was set in the most densely populated centre of the village.
Thiessen polygons have the advantage that each polygon contains only one input point and any location within the polygon is closer to its associated centre than to the centre of any other polygon (Ryavec & Veregin 1997) . The areas for each polygon were calculated using ESRI ArcMap 9.2 and the total population of each community was divided by the polygon area in km 2 . This calculation and visualisation resulted in a patchwork distribution of community based population densities in the investigation area (see Figure 1 ).
Connection degree to existing WWTPs and future developments
One main criterion for the identification of potential sites for a future implementation of DWWT&R systems is the degree of connection of the population to already existing WWTPs. Since data were not available, the connection degree for the investigation area was estimated by analysing the actual loads of the existing WWTPs.
In 2007, a total of 21 wastewater treatment plants operated in Jordan and 13 of them are located in the investigation area. These plants have been mainly designed to treat the wastewater of cities and to serve urban areas surrounding these cities. Table 2 provides The overall potential for implementing such DWWT&R systems in the rural sector can be expressed by the total amount of wastewater that is not yet treated adequately. As shown in Table 3 , the annual wastewater generation available for DWWT&R in the rural sector of the investigation area was estimated to be nearly 3.8 million m 3 at the end of 2007. The corresponding overall potential treatment capacity was estimated to be 0.52 million pe and an annual BOD 5 -load of nearly 4,800 tons.
The future need of wastewater treatment and reuse facilities of the rural sector was estimated by calculating the mean annual population growth over 10 years, starting in 2007. By using an annual population growth rate of 2.5% and assuming that water consumption and wastewater production will grow with the same rate, the mean annual population increase was calculated to be nearly 15,500. This was resulting in an annual increase in wastewater generation available for DWWT&R of about 0.11 million m 3 (Table 3) .
Potential of DWWT&R systems in the urban sector
As shown above the connection degree of the population in the investigation area to sewer systems was calculated to be 67%. For the rural sector, a connection degree of 5% was adopted. Taking (Table 3) .
The annual increase in required wastewater treatment and reuse facilities within the urban sector was estimated to be 2.8 million m 3 , corresponding to an overall requirement for new treatment capacity of 0.12 million pe year 21 (Table 3) .
Proposed regions for DWWT&R systems within the rural regions
The data of population density, existing and planned treatment plants have been included in the GIS-Database. The locations for which it is already planned or proposed to construct centralised wastewater infrastructure were provided by the MWI (Figure 1) . 
